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SYSl'EM AND METHOD FOR HNHANCFNG TITE iMTELLIGIBlLITY OF RHCHi VED 

SPEECH IN A NOISE ENVIRONMENT 
RELATED APPLICATIONS 

This application claims the benefit of th« filing date of United States provisional 
patent application serial ao. 60/207,273, filed on May 30, 2000. 
FIELD OF T?iE INVHNTIQ N 

The present inveation relates generally to audio communication devices, and 
specifiCiilly to intelligibility enhancement of speech received by a communications device. 
BACKGROUND 

Receiving and understanding a voice communication received using a 
communications device while in a noise environment is problematic. Ambient or 
background noise near the receiver, the near-end, may ai times approach or exceed the 
volume levels of the received speech causing a listener io be unable to understand the 
message. 

Simply increasing the volume of the received speech is not very effective in 
increasing the tnteliigibiiity of the speech. Speech ampliujde levels fluctuate throughout a 
sentence, from word to word, and even from syllable to syllable. Increasing the volume to 
compensate for a low amplitude portion of the speech may cause the receiver to clip when a 
high amplitude portion of the speech is received. Adjusting the volume to compensate for a 
high anipiitude portion may render a subsequent portion having a low amplitude 
unintelligible. 

U.S. Pat. No. 5,907,823 describes a dynamic range compression method which based 
on an instantaneous measurement of a received speech level or amplitude and an estimate of 
the ambient and far-end tioise levels adjusts the received signal to enhance intelligibility. 
Fig. 1 shows a system according to the '823 patent. The dynamic range compression module 
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receives (1) the received speech signai, (2) a signal indicating an estimate of the far-end 
noise ievel, and (3) a signal indicating an estimate of tlie near-end or ambient noise level. 
The dynamic range compression module perfonus a Iransform of the received speech 
according to the transform pattern shown In Fig. 2. 

Several drawback in the prior art systems exist which poorly address the issue of 
rapid variations in speech volume and very low Speech levels. 
DRTBF DESCRIPTION OF TIJE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and disLinctty 
claimed in the concluding portion of the specification. The invention, however, both as to 
organization and method of operation, together with objects, features, and advaniages 
thereof, may best be understood by reference to the following detailed description when read 
with the accompanying drawings in which . 

FIG, ] is a block diagram showing a speech intelligibility enhancement system 
according lo the prior art; 

FIG. 2 is a graph showing the transform function or pattern of the system in Fig. 1 ; 

FIG, 3 is a block diagram showing a speech inteiligibiiity enhancement system 
according to the present invention; and 

FIG 4 is a tlow diagram showing the steps performed by a speech intelligibility 
enhancement system according to the present invention. 

It will be appreciated that for simplicity and clarity of illustration, elements shown in 
the figures have not necessarily been drawn to scale. For example, the dimensions of some 
of the elements may be exaggerated relative to other elements for clarity. Further, where 
considered appropriate, reference numerals may be repeated among the figures to indicate 
corresponding or analogous elements. 
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DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth in order 
to provide a thorough understanding of the invention, HLowever, it will be understood by 
those skilled in the art that the present invention may be practiced without thciie specific 
details. In other instances, well-known methods, procedures, components and circuits have 
not been described in detail so as not to obscure the present invention. 

Unless specjficalJy stated otherwise, as apparent from the following discussions, it is 
appreciated that throughout the specification discussions utilizing terms such as 
"processing", "computing", "calculating", "determining", or the like, refer to the action 
and/or processes of a computer or computing system, or similar electronic computing device, 
that manipulate and/or transform data represented as physical, such as electronic, quantities 
within the computing system's registers and/or memories into other data similarly 
represented as physical quantities within the computing system's memories, registers or other 
such information storage, transmission or display devices. 

Embodiments of the present invention may Include apparatuses for performing the 
operations herein. This apparatus may be specially constructed for the desired purposes, or 
ir may comprise a general purpose computer selectively activated or reconfigured by a 
computer program stored in the computer. Such a computer program may be stored in a 
computer readable storage medium, such as, but is not limited to, any type of disk including 
floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs), 
random access memories (RAMs) electncaily programmable read-only meu^ories 
(EPROMs), electrically erasable and programmable read only memories (EEPROMs), 
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magnetic or optical cards, or any other type of media suitable for storing electronic 
instructions, and capable of being coupled lo a computer system bus. 

The processes and displays presented herein are not inherently related to any 
particular computer or other apparatus. Various general purpose systems may be used with 
programs in accordance with the teachings herein, or it may prove convenient to construct a 
more specialized apparatus to perform the desired method. The desired btructure for a 
variety of these systems will appear from the description below. In addition, embodiments 
of the present invention arc not described with reference to any particular programming 
language. It will be appreciated that a variety of programming languages may be used lu 
implement the teachings of the inventions as described herein. 

As part of ihc present invention, a received signal containing speech may be divided 
into frames having some predefined number of samples. A frame may then be analyzed to 
determine an instantaneous peak value, and from the instantaneous peak values of two or 
more consecutive frames, a long term peak value may be determined for each frame. For a 
given frame, an automatic gain control ("AGC") value may be calculated in relation to the 
difference between a desired volume or amplitude level and the frame's long term peak 
value. A noise factor between 0 and 1 may be factored into the AGC value. The samples 
within a frame may be increased or adjusted by the AGC value. 

A dynamic range compression ("DRC") gain value may be calculated for each frame 
and the samples within the frame may be adjusted by the RDC gain value. A noise factor 
may also me factored into the DRC gain value. The DRC gain value for a frame may be 
calculated as the difference between the frame's long term peak value atid its instantaneous 
peak value, multiplied by a maximum gain value divided by A L, where A L is a range vakie. 
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A target gain value for a frame, which is the sum of the frame's AGC and RDC 
gains, may be smoothed from frame to subsequent frame. One method of smoothing is to 
average a frame's calculated target gain with the previous frame's target gain value, 

'furing now lo Fig. 3, there is shown a system according to the present invention, A 
received signal RX is decoded by decoder 10 and speech within the signal is delected by a 
voice activity detector 20. A noise suppressor 30 may remove noise from the signal and pass 
the signal to the AGC unit 40. The AGC unit 40 may compute an AGC gain value and apply 
the value to the signal, and the DRC unh 50 may also compute and apply a DRG gain value 
to the signal. Both the AGC 40 and the DRC 50 may receive a signal from a TX noise 
estimator 60 indicating an estimate of the noise on the receiver or near side. 

Fig. 4 is a flow diagram showing the steps performed by a speech intelligibility 
enhancement system according to the present invention. For each frame of a received signal 
an instantaneous peak amplitude or value is computed as part of step 100. The size of a 
frame may vary (e.g. 0^ 1 to 100 ms). The instantaneous peak ampHtude is simple the highest 
absolute value of any sample in the frame in dB: 

instantaneous peak amplitude = 20*iag(mai(abs{x[n]))) 
As part of step 200^ a long term peak amplitude value is calcuiiilcd for a frame having speech 
present therein. Step 300 shows that speech presence in a frame may be indicated by a flag 
determined either by a voice activity detection algorithm for a fixed-rate vocoder, or by the 
vocoder rate being maximal for a variable rate vocoder. A frame's long term peak amplitude 
value may be determined using the following logic: 

If( voice present) 

If (instantaneous peak value > long term peak amplitude value) 

long term peak amplitude value = instantaneous peak value 

Else if(instantaneous peak valuc>Miaimum Acceptable Value) 

long term peak amplitude value ~ long term peak amplitude vuJue - 
decrement peak value 
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The decrement peak value is chosen to decrease the long tcnn peak eunpiitudc value 
by a nominal amount. 

As part of step 400 an AGC gain vahje is calculated. The AGC gain may be 
calculated by subtracting from a target or desired level value LI the frame's long term peak 
amplitude value, in one embodiment of the present invention the calculated AGC gain may 
also be multiplied by a TX noise factor calculated as part of steps 500, 600 and 700. 

A DRC gain value is computed as part of step 800. The DRC gain may be computed 
as the difference between a frame's long term peak value and its instantaneous peak value, 
multiplied by a maximum gain value divided by AL: 

DRC gain value=(long term peak value-instantadeous peak vafue)xMax DRC Gain/A L, 

Where A L is a range value typically 20dB and Max RDC gain is also typically 20dB. The 
DRC gain value may also be multiplied by a noise factor such as the one calculated in steps 
500, 600 and 700. 

A target gain value may be calculated in step 900. The target gain value may be the 
sum of (he AGC and RI>C gain values. Smoothing of the computed target gain is performed 
in step 1000, Eacli saxiiple in each frame may be adjusted by the smoothed target gain value. 

While certain features of tlie invention have been illustrated and described herein, 
many modifications, substitutions, changes, and equivalents will now occur to those skilled 
m the art. It is, therefore, to be understood that the appended claims are intended to cover all 
such modifications and changes as fall within the u-ue spirit of the inventiom A description 
of a second embodimeat is attached as Appendix A. 
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